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Aim: Natural geothermal sites are considered as the most favourable locations for the isolation of
thermophilic microorganisms. Many researchers have isolated thermophilic fungi from various hot springs
located worldwide viz. United States, Argentina, China, Indonesia, Taiwan, India etc. The present study
aimed to determine the diversity of culturable thermotolerant and/or thermophilic fungal species in hot
spring of Manikaran, Himachal Pradesh (India).
Methodology: Potato dextrose agar (PDA), Sabouraud dextrose agar (SDA) and yeast starch agar media
were used to determine the fungal diversity.
Results: No fungal growth was detected on PDA, SDA and yeast starch agar media after repeated
examinations. Therefore, an attempt was made to check antifungal activity of water on some known fungal
plant pathogens viz. Sclerotium rolfsii, Fusarium oxysporum, Sclerotinia sclerotiorum and Pythium
aphanidermatum. A strong inhibition in the growth of these pathogens was observed on potato dextrose
agar medium prepared with Manikaran hot spring water.
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Interpretation: This inhibition might be mediated through some volatile compounds as evident from the
results of antagonistic assay used for the detection of volatile antifungal compounds as shown below in
the figure. This is the first report on Manikaran hot spring water where antifungal activity was observed,
though earlier workers have reported the presence of thermotolerant fungi in this water.

*Corresponding Author Email :

sunitachamba@gmail.com

Key words
Antifungal activity,
Fungal diversity,
Hot spring,
Phytopathogens,
Thermophilic fungi

Test

Control

Test
Control
Fusarium oxysporum

Control

Test

Sclerotium rolfsii

Publication Info
Paper received : 12.05.2015
Revised received : 18.01.2016
Re-revised received : 29.03.2016
Accepted : 07.06.2016

Test

Sclerotinia sclerotiorum

© Triveni Enterprises, Lucknow (India)

Journal of Environmental Biology

Control

Pythium aphanidermatum

March 2017 Vol. 38

217-221

218

S. Devi and S.S. Kanwar
Introduction

1982), Membrane filter technique (Mulvany, 1969), on-site
culturing (Akmar et al., 2011) and Enrichment technique (Holt and
Krieg, 1994) were employed in this study.
In traditional standard plate count technique, directed
pour plate and serial dilutions methods were performed. In direct
pour plate method, 5 ml of sample was mixed with 15ml sterilized
and melted PDA (Hi-media), SDA (Hi-media) and yeast starch
agar media (Hi-media) separately. In serial dilution method,
samples were serially diluted to 10 folds by distilled water and 0.1
ml of each diluted sample was spread on PDA(Hi- media),
SDA(Hi-media) and yeast starch agar media (Hi-media)
separately with three replicates every time. Plates were
incubated at different temperatures i.e., 20, 37 and 55°C for 3-5
days.
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Geothermal springs in India, located in different
geological environments, are broadly distributed into seven
provinces: Himalaya, Sohana, Cambay, West Coast,
Son–Narmada–Tapi (SONATA), Godavari and Mahanadi
(Chandrasekharam, 2000). Hot springs are the emerged water
bodies produced by geo-thermally heated groundwater from the
earth's crust (Kazue et al., 2006). The temperature of water in hot
springs lies significantly above the mean temperature of that
region (Sen et al., 2010). High temperature of water and/or soil
exerts pressure on microbial species leading to the selection of
specific flora capable of tolerating and surviving heat stress.
Hot springs areas are attractive places for locals and
foreigners either for excursion or for medical purposes such as for
healing of various types of diseases. This is because the hot
spring water is believed to be rich in salt, sulfur and sulfate in
water body. For several years, people have used hot springs
water both for cozy bathing and therapy (Hamzah et al., 2013).
Presence of various elements and ions, especially sulphur (S)
and sulphate ion (SO42-) make hot spring water suitable for
medical purposes especially for skin therapy. Sulphur is a
chemical element with strong antifungal potential, present
abundantly in hot spring water

In addition to this, on-site culturing technique was also
done where direct plating of the samples was done immediately
after collecting the samples. Plates were then placed in a vaccine
carrier in order to maintain the incubation temperature.
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Nature has blessed the state of Himachal Pradesh state
with a number of hot springs viz Vashisht, Manikaran, Kasol,
Tattapani, Khirganga etc. Some of these hot springs are probably
rich repository of thermophilic organisms and Manikaran is one of
such hot springs which has always remained as attractive site for
exploring its diversity by various researchers (Devi and Kanwar,
2016). The water of this hot spring has strong smell of sulphur
suggesting the presence of sulphur element either as free or in
combined form. In view of these facts, a study on Manikaran hot
spring water was performed with the objectives of elucidadating
its fungal diversity and to determine the antifungal potential of hot
spring water against some phytopathogens

Besides traditional methods, alternative membrane filter
technique was also applied to concentrate fungi in a large volume
of sample. One hundred milliliter of each sample was filtered
through 0.45µm PVDF filter membrane (Millipore). Then 20 ml
distilled water was used to flush this membrane and finally the
membrane was placed on PDA plates which were then incubated
at different temperatures i.e., 20, 37 and 55°C for 3-5 days.
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Generally, thermophilic fungi occur relatively in low
numbers in natural habitats, therefore, enrichment is required
prior to isolation. For this, 10 ml or 10 g of samples were
transferred into 100 ml of broth media (Potato dextrose broth,
Sabouraud dextrose broth and yeast starch broth) and incubated
at 20, 37 and 55°C for 3-5 days. The samples were then serially
diluted and plated on PDA (Hi-media), SDA (Hi-media) and yeast
starch agar media (Hi-media) separately with three replicates
every time. Plates were incubated at temperature and time as
referred above.

Materials and Methods

Sampling : Three different sites: upper Manikaran, lower
Manikaran and Shangna were selected for collection of microbial
samples. Three types of samples (water, soil and biomat) in five
replicates (total 45 samples) were collected in sterile falcon tubes
from these selected sites and brought to laboratory for analysis
under aseptic conditions.

Sample analysis : Temperature and pH of the samples were
recorded at the time of sample collection with the help of portable
temperature probe (Fisher Scientific, Mumbai, India) and pH
meter (CyberScan, Singapore), respectively. Five measurements
were done and mean value was calculated for each sample
Fungal isolation : To isolate fungi from hot spring samples, four
techniques: traditional Standard plate count technique (Wollum,
Journal of Environmental Biology, March 2017

Detection of volatile compounds nature of antifungal
compounds : The volatile nature of antifungal compounds was
detected by the method of Fernando and Linderman, (1994) with
slight modifications. Hot spring water was placed on the lid of the
inverted petriplate (except for control plates) containing PDA
medium (prepared with distilled water) and 5 mm mycelial plugs
of fungal pathogens were placed on potato dextrose agar. These
plates were then immediately wrapped in parafilm to seal-in the
volatiles and incubated at 28°C± 2°C for 3-7 days.
Results and Discussion

The fungal diversity present in all types of samples i.e.,
water, soil (sediment) and biomat was elucidated by employing
four techniques viz., traditional standard plate count technique
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Sclerotinia sclerotiorum
Control PDA
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Fig. 1 : Effect on the growth of fungal plant pathogens
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Fig. 2 : Plates showing the presence of volatile antifungal compounds in hot spring water of Manikaran; (Test means volatile antifungal compounds have
inhibited the growth of phytopathogen); (Control means phytopathogen was not treated with volatile antifungal compounds present in hot spring water)
Journal of Environmental Biology, March 2017
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i.e. in hydrothermal vents (Konn et al., 2012). To find out whether
these compounds are volatile or non-volatile, subsequent
experiment was conducted by the method of Fernando and
Linderman, (1994) with slight modifications. Inhibition in fungal
growth (Fig. 2) in different plates was observed indicating the
presence of some volatile antifungal compounds in the water, as
there was no direct interaction of water with the pathogens.
Thus, it can be concluded from the present study that
antifungal activity exists in Manikaran hot spring water where
volatile antifungal compounds might be playing some role in its
exhibition.
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i.e., pour plate and spread method, membrane filter technique,
on-site culturing and enrichment technique in this study. However,
in the present study, no fungal growth was observed in all the
three types of samples collected from Manikaran hot spring by
traditional methods. Therefore, alternative methods like
membrane filter technique that can concentrate the sample, onsite culturing where direct plating of the samples was done and
finally the enrichment technique where the growth of unwanted
species got suppressed, were attempted. But, no fungal growth
was observed from all types of samples by using all these
techniques. However, Verma et al., (2012) reported some
thermotolerant fungal isolates viz. Penicillium citrinum,
Paecilomyces variotii, Pichia guilliermondii, Paecilomyces sp.
and Aspergillus sydowiifrom Manikaran hot spring water and soil
samples. Likewise, Sharma et al., (2013) reported the presence
of fungus Myceliophthora thermophila SH1 in the Manikaran hot
spring water samples. Although some species of fungi have been
reported from various adverse environments such as hot springs
(Maheshwari et al., 2000) or geothermal soils (Redman et al.,
1999) but, thermophily in fungi is a rare phenomenon and about
50 species, out of 100,000 recorded fungal species, have the
ability to successfully grow at elevated temperatures (Salar and
Aneja, 2007) thereby indicating that all these 50 species were
absent in the Manikaran hot spring. Whereas, thermophily is a
common phenomenon in eubacteria and archaea ( Blöchl et al.,
1997; Rainey and Oren, 2006). Generally, the temperature limit
for thermophilic fungi is 60-62°C, however, a thermophilic fungal
isolate Thermomyces lanuginosus isolated from the hot springs
of Taiwan (site temperature 80°C), could grow even at 64°C
which represents the highest upper growth temperature of all the
fungi so far recognized (Tansey and Brock, 1972).
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